Feeding grain to animals not adapted to grain resulted in a marked increase in the ./ .
concentration of free endotoxln m the rumen. Endotoxin concentration increased 15 to 18 times within 12 hr after lactic acidosis was induced through grain engorgement. The increase was accompanied by a shift from predominantly gram-negative to gram-positive bacteria. Data from in vitro fermentations showed that the increase in free endotoxin concentration was not accompanied by a decrease in the number of gram-negative bacteria. The absorption of endotoxin from the rumen was not apparent by the actinomycin D assay procedure because no difference was observed in mice lethality of plasma from control and post-engorgement samples. However, the significant granulocytosis that accompanied acidosis was suggestive of systemic action of rumen bacterial endotoxin. (Key Words: Rumen Bacteria, Endotoxin, Lactic Acidosis, Cattle.)
INTRODUCTION
Consumption of large amounts of grain by animals not adapted to grain often causes acidosis (Hungate et al., 1952; Owens, 1959; Dunlop and Hammond, 1965; Dunlop, 1972; Juhasz and Szegedi, 1968) . The clinical signs are loss of appetite, ruminal atony and stasis, diarrhea, laminitis, dehydration, and, in acute forms, death due to cardiovascular and respiratory failure. Overeating readily fermentable carbohydrate causes marked changes in the microbial composition, not only in the rumen (Hungate et al., 1952; Krogh, 1961; Mann, 1970) , but also in the cecum (Allison et al., 1975) . The reported changes are destruction of protozoa, reduction in the number of cellulolytic bacteria and a shift in bacterial population so that grampositive cocci and rods become predominan t .
It is well documented that accumulation in the rumen of lactate, particularly the D-isomer, and subsequent acidosis is an important feature of the syndrome in cattle (Dunlop and Hammond, 1965; Telle and Preston, 1971) . However, since Turner and Hodgetts (from Dougherty, 1976) reported that maintaining ruminal pH at 4.0 (for prolonged periods) while repeatedly adding lactic acid led only to mild acidosis, the pathogenesis of lactic acidosis has remained confused (Dougherty, 1976 ). Other compounds considered as possible toxic factors are: histamine, tyramine and tryptamine (Dougherty, 1942; Dain et al., 1955; Bullen and Scarisbrick, 1957; Sanford, 1963; Ahrens, 1967; Irwin et al., 1972) ; ethanol (Allison et al., 1964; Juhasz and Szegedi, 1968) ; and bacterial endotoxin (Dougherty and Cello, 1949; Mullenax et al., 1966; Dougherty, 1976) . Cello (1949) and MuUenax et al. (1966) isolated from the rumen digesta of sheep and cattle suffering from acidosis a toxic substance that depressed blood pressure, rumen motility and the motility of isolated intestine and caused a pronounced leukopenia. After observing similar responses in animals given endotoxin intravenously and those having acidosis, Mullenax et al. (1966) proposed that the endotoxin of gram-negative rumen bacteria, when released and absorbed, could play a significant role in the pathogenesis of lactic acidosis. Huber (1976) demonstrated the presence of endotoxin in the rumen of lactic acidotic cattle. the laboratory.
We (Nagaraja et al., 1977 (Nagaraja et al., , 1978a have 1329 JOURNAL OF ANIMAL SCIENCE, Vol. 47, No. 6 (1978) shown that rumen bacteria are a source of endotoxins, and that cell-free rumen fluid of hay-or grain-fed cattle contains free endotoxins. This study was initiated to determine the concentration of gram-negative bacteria and free endotoxin in the rumen of cattle induced with lactic acidosis.
MATERIALS AND METHODS
In Vitro Studies. Rumen fluid was obtained from a rumen-fistulated cow approximately 6 hr after she was fed daily 5.44 kg of alfalfa hay (IRN 1-00-063). The rumen fluid was strained through four layers of cheesecloth immediately. Twenty-five milliliters of strained rumen fluid, 25 ml of a filter sterilized mineral buffer of pH 6.8 (.408% potassium dihydrogen phosphate, .02% magnesium sulfate, .05% sodium chloride and .05% calcium chloride dihydrate) and 5 g sterilized (autoclaved at 15 psi for 15 min) ground extruded corn (IRN 4-02-931) or 5 g sterilized alfalfa hay were placed in a sterile 125 ml Erlenmeyer flask capped with a stopper and Bunsen valve. The flask and its contents, being flushed with CO2, were incubated in a shaker water bath at 39 C for 9 hours.
Samples were taken from the flask at 0, 3, 6 and 9 hr and these determinations were made: Ph, total bacterial number, percentage grampositive and -negative bacteria and concentration of free endotoxin in rumen fluid. Total bacterial numbers in rumen fluid were determined by diluting samples with 10% formal saline and countint~ in a Petroff-Hausser bacteria counting-chamber ~ . The percentages of grampositive anti -negative bacteria were estimated by counting a minimum of 1,000 cells from a gram-stained smear. The smear was made by spreading evenly 5/al of diluted rumen fluid on an area of 1 cm 2 (Warner, 1962) . All counts were done in duplicate and averaged. The LDs 0 of cell-free rumen fluid potentiated with 20 gtg actinomycin D (Am D) was determined in mice (Nagaraja et al., 1977) . The concentration of endotoxin in rumen fluid, expressed as rumen bacterial endotoxin activity, was calculated on the basis that LDs0 of cell-free rumen fluid should contain .86 ~g which is the established LDs0 of rumen bacterial endotoxin (Nagaraja et al., 1978a,b) . Statistical analysis of the data was by two treatment analysis of variance of a randomized complete block design. SC. A. Hausser and Son, Philadelphia, PA.
Experimental Production of Lactic Acidosis.
Two rumen-fistulated adult Jersey cows (X9 and X10 weighing 308 and 371 kg, respectively) were each fed 5.44 kg alfalfa hay daily. Following an adaptation period of 2 months, lactic acidosis was then produced in both animals. Two samples (controls) of blood and rumen fluid were collected at 1-hr intervals immediately before placing grain in the rumen. The animals were then engorged by introducing a 1:I mixture of ground corn and wheat through the fistula at the rate of 55 g/kg body weight. The feed was mixed with the rumen contents by hand. Rumen fluid and blood samples were obtained at 3, 6, 9, 12, 15, 18, 21 and 24 br after the grain had been placed in the rumen. Blood sampling was facilitated by placing a polyvinyl catheter in the jugular vein.
Blood samples were analyzed for packed cell volume (PCV), hemoglobin (Hb), total protein, fibrinogen, glucose, D(-) and L(+) lactic acid and total and differential leukocyte count. Blood plasma was tested for the presence of endotoxin by injecting mice with .5 ml plasma plus 20 /~g Am D (Pieroni et al., 1970) . These determinations were made on rumen-fluid samples: pH, total bacterial count, percentage gram-positive and gram-negative bacteria and the concentration of free endotoxin in cell-free rumen fluid.
PCV was determined by the microhematocrit method (Schalm et al., 1975) . Fib was determined spectrophotometrically after it had been converted to cyanmethemoglobin (Schalm et al., 1975) ; total protein and fibrinogen were measured by the refractive index method (Schalm et al., 1975) . Glucose was measured by the procedure of Krebs et al. (1964) ; D(-) and L(+) lactic acids were measured by the methods of Gawehn and Bergmeyer (1974) and Gutmann and Wahlefeld (1974) , respectively. The methods for total bacterial count, percentage gram-positive and gram-negative bacteria and assay for endotoxin conccntration in thc cell-free rumen fluid were as described above.
RESULTS AND DISCUSSION
In Vitro Experiment. The 9-hr in vitro fermentation showed a greater decrease in rumen fluid pH with extruded corn as the substrate than with alfalfa hay ( 
.,.:,
volatile fatty acids were produced from extruded corn than from alfalfa hay. The total number of bacteria increased during the period of incubation; the increase was more pronounced with corn than with alfalfa (table 1) . There was a greater increase in gram-positive bacteria in rumen fluid incubated with corn (from 10.7% at 0 hr to 45.5% of the total bacterial population after 9-hr incubation) than in that incubated with alfalfa hay. There was a corresponding decrease in the percentage of gram-negative bacteria, though the total number of gram-negative bacteria did not decrease but increased slightly. Therefore, the shift in gram-positive and gram-negative flora was not entirely because of destruction or lysis of gram-negative bacteria, but because the number of gram-positive bacteria had increased.
The concentration of free endotoxin in the rumen fluid after 9-hr incubation increased significantly more (ca. 10 times) in the presence of corn than in the presence of alfalfa hay (table 1) . In one trial, the concentration of the endotoxin in tureen fluid incubated with corn increased 18 times. The concentration of endotoxin increased only slightly in rumen fluid incubated with alfalfa hay.
The in vitro study clearly demonstrated that fermenting grain with rumen fluid from an animal not adapted to grain results in a sudden shift in the bacterial composition. The percentage gram-negative bacteria decreased and the percentage gram-positive increased. Concomitantly, the concentration of free endotoxin in the rumen fluid increased significantly, but possibly not entirely because of the lysis of gram-negative bacteria, as suggested by Mullenax et al. (1966) . This is unlikely because the total number of gram-negative bacteria did not decrease but increased slightly. Possibly certain other factors, such as low pH may favor the release of endotoxin from intact gram-negative bacteria. Recent work on gram-negative bacteria (for example, Escbericbia or Neisseria) has shown that the appearance of free endotoxin does not require cell lysis, but is a consequence of normal growth (Russell, 1976) . It has been shown with Escbericbia coli that free endotoxin is released because an excess of cellular material is produced during vigorous growth of the bacteria rather than as a result of cell lysis (Crutchley et al., 1967) .
Lactic Acidosis. Introducing large amounts of corn and wheat directly into the rumen produced acute acidosis in both animals. The animals exhibited anorexia and depression within 6 to 8 hr, and the fluidity of rumen contents increased in each animal. Sever dehydration, laminitis and diarrhea were seen in both cows. After 24 hr, the rumen of each animal was emptied and replaced with contents from a healthy roughage-fed steer. Fluid therapy consisting of balanced electrolytes (EltrAdd L. A. TM Solution, Haver-Lockhart, Shawnee, KS) was immediately initiated. Within 3 or 4 hr one of the cows (X9) died. Necropsy did not reveal any lesions.
Rumen pH dropped dramatically, from about 7.5 before feeding the cows grain to 4.1 (in XIO) and 4.05 (X9) in 24 hours. The typical increase in blood lactate concentration was observed (Dougherty, 1976) . The concentration of D(-) lactate increased steadily in both cows from 0 in preengorgement samples to 23.1 mg per 100 ml in X9 and 26.7 mg in X10 in 24 hours. Associated with acidosis, the increase in blood PCV, Hb, fibrinogen and total protein (table 2) was indicative of severe hemoconcentration. Blood-glucose concentration did not change in X10, but severe hypoglycemia was noted in xg, which succumbed to acidosis. Cow X10 showed an initial leukopenia. The total number of circulating leukocytes increased in both animals after 12 to 15 hr (table 3). The leukocytosis might well have resulted from hemoconcentration. The differential count, however, revealed a significant increase in the circulating mature and immature neutrophils and a corresponding decrease in the proportion of lymphocytes.
No consistency in the lethality of plasma (with 20/ag Am D) to mice was noted (table 4) . Both control and post-engorgement plasma samples were lethal. Plasma from apparently healthy cattle has been observed to be lethal to mice when injected with Am D (T. (;. Nagaraja, E. E. Bartley and L. R. Fina, unpublished data). This does not necessarily indicate the presence of a basal level of endotoxin in the plasma of cattle because there is a lack of specific evidence to ascribe the toxicity of plasma and Am D in mice to cndotoxin. The failure of post-engorgement plasma with Am D to enhance toxicity in mice may suggest that the endotoxin was not absorbed or, if absorbed, it was detoxified by the liver.
Total bacteria in rumen fluid increased up to 12 hr after the cows had been fed and then decreased (table 5), perhaps due to dilution of the rumen contents. As lactic acid accumulates bAverage of two samples taken during a 60-rain interval prior to engorgement.
in the rumen the osmolality of the rumen fluid increases and fluid is drawn into the rumen from the blood (Dunlop, 1972) . The percentage of gram-positive bacteria greatly increased after the feeding of grain. The flora of cow X9 was changed from predominantly gram-negative to predominantly gram-positive within 9 hr after engorgement, apparently due to both a decrease in the proportion as well as in the number of gram-negative bacteria. The decrease could have resulted from cell lysis caused by an acidic pH. After 12 hr the percentage of gram-negative bacteria gradually increased, although the proportion of gram-positive bacteria remained higher than the original proportion. In cow X10 the change in the flora was similar but less marked. Cell-free rumen fluid from engorged cattle was extremely lethal to mice (table 6). The concentration of free endotoxin increased significantly following engorgement. The peak for both cows being in the 12-hr sample; the increase was about 15 times that of the control. However, the concentration of the endotoxin decreased gradually after 12 hr, possibly due to the dilution of rumen contents by the influx of tissue fluid.
CONCLUSION
The data suggested that feeding grain to an animal adapted to a roughage diet resulted in a marked increase in the concentration of free endotoxin, accompanied by a shift in the proportion of gram-positive and gram-negative bacteria, in the rumen. As early as 9 hr after the cows were engorged, the flora in their rumen shifted from predominantly gram-negative to predominantly gram-positive bacteria. The decrease in the number of gram-negative bacteria, perhaps due to lysis, was accompanied by an increase in the concentration of free Although there is a massive release of endotoxin in the rumen fluid of cattle abruptly changed from hay to grain, the proof that endotoxin participates in the pathogenesis of lactic acidosis is lacking. In lactic acidotic animals, changes in glucose concentration, leukocyte number or fibrinogen content which often suggest endotoxin poisoning may be due to hemoconcentration. However, the observation of severe hypoglycemia in one cow and significant increase in neutrophils in both cows which cannot be due to hemoconcentration is suggestive of the systemic effect of rumen endotoxin.
We were unable to demonstrate the presence of endotoxin in plasma in lactic acidotic cattle bBased on the LD50 of purified rumen bacterial endotoxin plus 20 ~g actinomycin D in mice (,86 #g).
CAverage of two samples taken during 60-rain interval prior to engorgement.
by the Am D assay procedure. This may be because the absorbed endotoxin are detoxified in the I'iver. Dougherty (1976) , using the limulus lysate test, showed the presence of endotoxin in plasma. No experimental evidence is available to suggest that endotoxin can be absorbed through the rumen epithelium. For rumen bacterial endotoxin to participate in the pathogenesis of lactic acidosis, the place of absorption should be the rumen epithelium; otherwise, endotoxins may be inactivated before being absorbed by acids or enzymes elaborated in the abomasum and small intestine (Sultzer, 1971) . Absorption of endotoxin from the normal intestinal tract takes place at a continuous but variable rate depending on the amount available in the intestinal lumen (Gans and Matsumoto, 1974; Ravin et aL, 1960; Ravin and Fine, 1962) . Similar absorption may take place in the rumen, particularly in grainfed cattle where the rumen epithelium can be severely inflamed or even damaged (Fell et aL, 1968) . However, no evidence to substantiate this hypothesis is available. In the normal animal, the endotoxin is rapidly and completely removed from the blood by cells of the reticuloendothelial system. Injury to the reticuloendothelial system by hypoxia or deficient blood flow (Ravin and Fine, 1962) , as may occur in lactic acidosis, may impair the ability of the reticulo-endothelial system to take up and detoxify endotoxin. Hence, the main defense mechanism of the host against bacterial endotoxin may be destroyed, leading to endotoxemia and possibly shock.
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